In 1572 an extensive epidemic of disease characterized by severe abdominal colic, later identified as lead poisoning, occurred in France in the province of Poitou. Citois named the disease colica Pictonum, that is the colic of the Pictones, the ancient Celtic tribe who inhabited the area. Thereafter the term was used generically for lead poisoning, otherwise plumbism or saturnism. The origin of the poisoning was traced to the practice of vintners who sophisticated sour acid wines with lead oxide. This adulteration restored the sweetness of the wine by the formation of sugar of lead, lead acetate. Similar outbreaks of poisoning were traced to the same fraudulent practice in the winegrowing districts of Germany and Spain. The preparation and storage of food and drink in containers of pewter and lead glazed earthenware resulted in accidental contamination of the substances, the consumption ofwhich caused acute and chronic plumbism. Among the most frequently lead-contaminated liquors was Devonshire cyder, hence Devonshire colic. Occupational lead poisoning was described among lead miners and smelters in the mid-sixteenth century. Thereafter the disease was observed in a wide variety of trades and processes. The subject was comprehensively reviewed by Tanquerel des Planches in 1839.
recorded an incident in which six persons simultaneously "became paralytic by drinking cyder brought to them at harvest work, in a new earthen pitcher, the inside of which was glazed." The effects were attributed to the solution of the lead in the glaze by the acid liquor. Devonshire colic (Huxham, 1752) (Percival, 1788) that "vessels glazed with lead are improper for the preserving of acid fruits and pickles". Simultaneously Wedgwood learned that a Dr. Gouldson of Liverpool had published a pamphlet making the same assertions.
(I have frequently cited this reference without being able to trace the original. On this occasion the librarian at The Liverpool Medical Institution, unable to find it under Gouldson, noted that the year 1773 corresponded with the publication of an Essay on the Liverpool Spa Waters to which was added an appendix On the Accidental Use ofLead by Thomas Houlston, M.D.) In this Houlston describes how the keeping of milk, buttermilk, sweetmeats, syrups, and even moist sugar in earthenware vessels glazed with lead induced symptoms of lead poisoning. Wedgwood's immediate reaction to these reports was "I will try to make a glaze without lead, and if I succeed will certainly advertise it". An allied source of accidental lead poisoning occurred in the preparation of medicaments by apothecaries. Lewis (quoted by Baker, 1785) remarked that "vinegar by a boiling heat may corrode so much of the vitrified lead as to receive from it noxious qualities". Furthermore, from the earliest times therapeutic virtues have been ascribed to saturnine medicines and external applications such as Goulard's lotion, but it did not escape notice that symptoms and signs of lead poisoning appeared as side effects. Indeed, it was through the administration of lead oxide in the treatment of cases of haematemesis and haemoptysis at St. Thomas's Hospital, London, between 1834 and 1840 that Burton (1839 Burton ( -1840 discovered the "blue line" on the gums, which diagnostic sign has since been associated with his name.
Contemporaneous with these accounts of lead poisoning due to fraudulent practices, accidental contamination and medical treatment, physicians reported the occurrence of the disease among workmen exposed in their employment to lead particles, effluvia, and emanations. In the mid-sixteenth century Agricola (1556) The clinical manifestations of the disease, acute and chronic, were widely known. These comprised colic, the "Dry Belly Ache" (Hunter, 1808) "He (the potter) will fashion the clay with his arm, And will bend its strength in front of his feet; He will apply his heart to finish the glazing;
And he will be wakeful to make clean the furnace."
XpZUlaua (chrisma), here translated glazing, literally means to complete the smearing as with oil. Plot (1686) in The Natural History of Staffordshire described the use of lead ores in the glazing of earthenware as carried out in that age:
"After the vessels are painted, they lead them with that sort of lead ore they call smithum, which is the smallest ore of all, beaten into dust, finely sifted and strewed upon them, which gives them the gloss." Deposits of galena, lead sulphide, occurred locally. Following this dusting, the ware was fired in the oven. At a later period the glaze was prepared in liquid form and applied either by washing the pieces with the glaze or applying it with a brush. From these methods it was a natural development to dip the ware. At first this was done in the natural clay state but in 1750 Enoch Booth, a manufacturer of Tunstall, fired his ware and then dipped the "biscuit" in the fluid glaze. It Scriven found abundant evidence of ill-health among dippers and their assistants. This is his description of work in the dipping house:-"There are one or two adults with their attendant boys, whose business it is to bring the ware in its rough, or, in the phraseology of the potter, in its biscuit state, from the warehouse or painting room to the tub. By constant handling, the fingers become so smooth and delicate that they sometimes bleed, and thereby render the process of absorption more certain and rapid. The dipping itself, performed by the man, is momentary and when completed, the article is passed on to the boys for shelving and drying."
The Commissioners amplified this by explaining that "the fluid in which the article is dipped contains, among other ingredients, a considerable quantity of lead and in some cases arsenic". Scriven remarked that the dippers appeared dull and cadaverous and suffered from "paralysis, colica Pictonum, and a host of other nervous diseases, all in their exaggerated forms". Mr. J. B. Davies, surgeon, in his evidence expressed the opinion that glazes might be made free from white lead or other poisonous ingredients, while a fellow practitioner, Mr. Robert Garner, believed that the occurrence of lead poisoning could be diminished by better ventilation, cleanliness, and washing before meals. That the employers recognized the risks of working in the lead is reflected in the fact that boys employed as dippers' assistants were more highly paid than others "as an equivalent for the risk they run"; in modern parlance, danger money. In retrospect it is now possible to discern that the whole future struggle, extending over 100 years, against lead poisoning in potteries was foreshadowed in this report.
In the course of inquiries during 1860 into the excessive mortality from lung diseases in the Potteries districts of Stoke-on-Trent and Wolstanton, Greenhow (1861) Thereafter there was no significant comment until 1875 when in the Supplement on Occupational Mortality in the Thirty-fifth Annual Report of the Registrar General, Farr recorded that: "The earthenware manufacture is one of the unhealthiest trades in the country." The causes were poison (lead) and dust (flint and clay).
Meantime the ravages of lead poisoning in the manufacture of white lead attracted public attention. The situation was grave and demanded prompt remedial measures. In 1878 children and young persons were excluded from this manufacture. Under the Factories (Prevention of Lead Poisoning) Act, 1883, standards were prescribed for ventilation, the provision of washing and lavatory accommodation and messrooms, and personal protection by special clothing and respirators. Gradually over the following years prevention was advanced through special rules. A new code of Special Rules for White Lead Works was introduced as from May 13, 1892. This rule is of particular interest:
"They (the occupiers of factories) shall arrange for a weekly visit by a doctor, who shall examine every worker individually and who shall enter the result of each examination in the proper register."
This legislation provided a prototype for dealing with other lead industries. All these developments had increasingly added to the responsibilities of the Inspector of Factories in the inspection and supervision of factory workers.
At the request of the Chief Inspector, Mr. Cramp, Superintending Inspector of Factories for North Staffordshire, in November, 1892, reviewed the current situation in the earthenware and china factories. He reported that where lead was used in glazing, lead poisoning was prevalent but local physicians had impressed on him that great improvement had taken place over the past 30 years, due, in their opinion, to the Factory Acts. Mr. Cramp noted that "some manufacturers used glazes without lead; others "fritted" it before use thereby rendering it (probably) insoluble".
Terminology of Lead Glazes
At this point it is necessary to digress to explain briefly the nomenclature of lead glazes. These are of two kinds, "raw" and "fritted" lead. Raw lead glaze is composed of silicious matter, i.e. flint, stone, clay, etc., borax combined with silica, etc., and lead either in the form of carbonate or oxide. To obtain a lead frit a certain portion of the silicious matter is melted, that is fused, with the lead. The resulting compound, which resembles glass, is a silicate of lead, the particular form depending on the proportions of lead and silicious matter fused together. The other ingredients, i.e. the rest of the silicious matter and the borax, are combined with silica to form a boro-silicate. The two frits, after pulverizing, are mixed together with a little added clay to form the final glaze mixture. The effect of melting the lead with silicious matter practically amounts to fixing it in such a manner that it is less liable to the action of acids, which it meets in passing through the human body, and largely reduces the likelihood of its absorption into the blood. If the frit is properly compounded to bi-silicate form, all but a small amount of the lead is rendered insoluble, and glazes so made are called "low solubility" glazes. The object of the promoters was to direct attention to the evils of lead poisoning with a view to certain definite reforms. Among the points made at the inaugural meeting were that both employers and workers were blameworthy; that the mischief was not inevitable but was distinctly preventable; and that the paramount need was to attain the use of leadless glazes and meantime to restrict the employment of women and children in lead processes. The campaign, as events showed, was highly emotional in its approach and, it was alleged, was based on a few tragic cases. This notwithstanding, the League claimed to have a register of 100 acute cases and appealed for funds to enable the committee to assist these patients. To publicize the facts, to win supporters and funds, meetings were arranged throughout the country, and a vigorous campaign was maintained through national and local newspapers. Various devices were adopted to dramatize the situation. Thus patients were sent to hospitals as far apart as London and In response to the public outcry the manufacturers claimed that they were 20 years in advance of public opinion and far ahead of the Government and scientists in their efforts to combat the disease. Some firms, it was asserted, had been fritting lead since 1850 and experiments and practical trials were constantly proceeding to discover satisfactory leadless glazes for -all types of ware. They deplored the general indifference of the workers to the dangers of lead and argued that "their apathy was the greatest obstacle the reform committee had encountered".
That the Government were disturbed by the situation was soon proved by a rapid succession of measures. On May 7, 1898, little more than a month after the commencement of the public agitation, the Home Secretary invited Professor T. E. Thorpe Committee that a serious incidence of lead poisoning existed in the manufacture of earthenware and china. Although acknowledging that some individual manufacturers had substituted fritted for raw lead and had experimented with leadless glazes, they concluded that no concerted action had been taken by the trade as a whole. They concluded:-"We have no doubt whatsoever that leadless glazes of sufficient brilliancy, covering power and durability, and adapted to all kinds of table, domestic and sanitary ware, are now within the reach of manufacturers."
In extension of this they added:-1. Many products can be glazed without lead; 2. Where lead cannot be dispensed with then fritted lead as a double silicate should be used.
The Report was duly referred to the manufacturers for comment. In a signed statement in reply they emphasized the commercial disaster which would overtake the earthenware and china industries if lead were prohibited. There was no dispute that certain common wares could be glazed without lead but the advantages of lead were the high quality, competitive goods which it produced and the wide margin of error it permitted during production, thereby reducing to a minimum the quantity of spoiled ware. The manufacturers, however, agreed to abandon the use of raw lead and to frit all lead in glazes, but they protested altogether against any reduction of the total permitted lead content. Thereupon in August, 1900, the Secretary of State issued draft amended Special Rules giving effect and adhering to the findings of Thorpe and Oliver. The draft, when sent to the manufacturers, was accompanied by an explanatory letter in which the main facts were reviewed. In this the Home Secretary stressed that the use of fritted glazes, which he proposed, could not be based on the amount of lead in the fritt, but on the solubility of the lead. He further commented that the Rules represented good practice developed and already followed by leading manufacturers. With reference to lead the principal alterations were comprised in the following Rules (summarized):-1. All lead for use in specified processes to be fritted;
2. Lead to be in insoluble form to such a degree that when tested in the prescribed method it did not yield more than 2% of its dry weight of a soluble lead compound calculated as lead monoxide; ... 4. No woman, young person or child to be employed in the preparation or manufacture of fritts, glazes or colours; ... 6. Monthly examinations of lead workers extended to all persons; power of suspension by Certifying Surgeon.
The manufacturers supported the Rules generally. They objected in toto to the 2 % limit of solubility but were agreeable to accepting a standard not exceeding 5 %. In accordance with the Factory and Workshops Acts of 1891 and 1895 they insisted on arbitration on the disputed matters. The operatives on their side signified opposition to the monthly examinations so long as lead poisoning was not covered by the Workmen's Compensation Act. The employers also resisted suspension on the grounds that it would deprive them of skilled labour, while suspended men would have difficulty in obtaining alternative suitable employment without loss of wages.
Arbitration proceedings, with Lord James of Hereford as umpire, commenced at Stoke-on-Trent on November 7, 1901. In the preliminary statements it was emphasized that both the Home Office and the employers were anxious to mitigate and, if possible, abolish the evil of lead poisoning in the industry. On behalf of the Home Office Miss Anderson, Inspector of Factories, presented evidence on the current prevalence and manifestations of the disease in the various occupations. The employers criticized the statistics, which they asserted were the source of mischievous representation and exaggeration, as shown by the sentimental outcries of philanthropic persons. The critical issue was the standard of solubility of lead fixed at 2%. The Home Office relied on the testimony of Professor Thorpe. Experts on behalf of the manufacturers argued that Thorpe's experiments, no matter how successful in laboratory trials, did not prove that they could be applied on a manufacturing scale. The need, it was underlined, was to make practical trials with various fritts in the factories under ordinary conditions of bulk production. The employers asserted that the method of glazing must be practicable, reliable under a wide variety of conditions, and produce durable quality goods at prices competitive against foreign manufacturers. Finally they believe the Special Rules of 1894 and 1898 had greatly diminished the cases in number and severity and so "there was no need for further interference". On the fifth day of the proceedings, before many of the witnesses had been called, Lord James, after consultation with Counsel, suddenly terminated the hearing and adjourned consideration of the disputed Rules for 18 months and thereafter if necessary. This abrupt ending was widely interpreted as a public rebuff to the Home Office for initiating precipitate legislation in advance of what was warranted by the current state of knowledge. The Evening Standard spoke of the Humiliation of the Home Office; The Times and Manchester Guardian supported the employers, but The Lancet deplored the turn of events, commenting "We view the decision with the deepest dismay; it is premature and dangerous".
In his closing address, Lord James made several very cogent comments, for example:
"The interests of employers may be personal, profit may be theirs-but at the same time interference with trade, which is a trade of the country, and which affects our community as a whole, should not take place if it can be avoided."
And again:
"It is not only the duty of the State to protect workmen against damage to health and life but also it is not less a duty to see that industries are not crippled or endangered by excessive restriction."
As to the difficulties of small firms in complying for financial and other reasons he was unequivocal in his statement that "they will have to overcome the difficulties, they employ human beings". But (Shufflebotham, 1901) were of opinion that this excess occurred where the father was a lead worker and the mother had never been employed in lead processes. The Committee in their Report recognized that the danger to the workers of handling lead was real and could cause poisoning or general deterioration in health. While acknowledging that leadless and low solubility glazes might be unsuitable for certain classes of ware, there were many types for which, in their opinion, they were satisfactory. They recommended increased regulation of the employment of women and young persons, and a shorter working week which in the case of dippers should not exceed 48 hours. They also advised the supply of milk or milk cocoa at the employer's expense. Furthermore they emphasized the necessity of minimizing the danger and suggested that every inducement and encouragement should be given to manufacturers both to persevere with their experiments in search of satisfactory leadless and low solubility glazes, and to introduce them whenever possible. Miss Tuckwell, although supporting the precautions recommended by the other members, dissented and did not sign the Report. In a supplementary memorandum she cited figures showing that the disease was considerably more serious in prevalence and noxious effects among women than in men. She adhered adamantly to her public campaign for leadless glazes. Finally the Committee proposed a code of Regulations (note not Rules) embodying their recommendations. The broad distinction between Rules and Regulations is that the former are mainly concerned in outlining general principles by which the health of operatives might be safeguarded. Regulations, on the other hand, prescribe in detail specific measures governing manufacturing processes, environmental conditions, and general conditions of labour.
After the usual deliberations between all parties concerned the recommendations of the Hatch Committee led to the enactment of the Regulations for the Manufacture and Decoration of Pottery dated January 2, 1913. The Regulations restricted the employment of women and young persons and children in various lead processes and occupations. The initial and periodical medical examinations (involving permanent suspension) at monthly intervals were applied to all persons in prescribed processes. The examinations were to be made by the "Surgeon" who was defined not as the Certifying Surgeon but as the Certifying Factory Surgeon. The sections on protective clothing, proper storage facilities for outdoor garments, and the eating of food in messrooms were merely a development of those in previous Rules. The following provision was new:
"A supply of milk or cocoa made with milk, shall be provided for all women and young persons in scheduled processes who commence work before 9 a.m. Not less than half a pint shall be provided for each such worker at the expense of the occupier."
The provisions for suppression of dust in lead processes were considerably extended, reflecting Legge's evidence and creed which he later enunciated in the axiom (Legge, 1934) : "Practically all industrial lead poisoning is due to the inhalation of dust and fumes; and if you stop their inhalation you will stop the poisoning."
In a book (Burton, 1913) compiled for the guidance of manufacturers on the new Regulations, William Burton, a member of the Hatch Committee, referred to "the revolution that had taken place in medical opinion during the last ten years as to the exact way in which pottery workers were liable to absorb lead compounds into their system; originally skin absorption, then ingestion and now absorption through the lungs". I wonder how three centuries of classic writers on lead poisoning, including Citois, Paracelsus, Ramazzini, Baker, Gardane, and Tanquerel, would have learned of these progressive discoveries.
The (Table) . Some recent studies by the Medical Inspectorate of Factories, using blood examinations, among glost placers showed no evidence of any lead absorption in these workers (Biden-Steele, personal communication).
The story is ended and in conclusion I submit for your meditation these words of Francis Bacon (1605):
"It is the true office of history to represent the events, together with the counsels, and to leave the 
